Abstract Extranodal NK/T cell lymphoma, nasal type, is an Epstein-Barr virus-associated lymphoma that most commonly involves the nasal cavity and upper respiratory tract. Lung involvement by NK/T cell lymphoma is rare and seldom reported in the literature. We describe the unusual case of a 41-year-old male with NK cell lymphoma, nasal type, who presented with massive secondary lung involvement 2.5 years after the detection of a retroperitoneal mass. The diagnosis was made by open lung biopsy. Despite aggressive treatment, the patient died shortly after the initiation of therapy. Lung involvement by NK/T cell lymphoma occurs most commonly as part of widely disseminated disease and carries a poor prognosis for the patient. Novel agents and innovative therapies need to be developed for this aggressive lymphoma.
are also classified as NK/T cell lymphoma, nasal type, since they are clinically similar to CD56-positive cases. T cell receptor genes are not rearranged in the NK cell type, but are rearranged in the T cell type [1, 2] .
Herein, we report a case of extranodal NK cell lymphoma, nasal type, presenting with massive secondary lung disease and bone marrow involvement. Although the patient was diagnosed with a retroperitoneal tumor 2.5 years prior to this diagnosis, he never had nasal and upper respiratory tract disease.
Case report
The patient was a 41-year-old Caucasian male who presented to a local hospital with dizziness and fainting spells. A chest X-ray showed pulmonary infiltrates and he was initially treated with antibiotics. However, his condition did not improve and he was referred to Zagreb University Hospital Center for further studies. At the time of admission, he was bedridden with fevers, thoracic and abdominal pain, and coughing foamy sputum with traces of blood. A computed tomography (CT) scan showed massive infiltrates in both lungs, measuring up to 8 cm in diameter, without significant mediastinal and peripheral lymphadenopathy, and careful examination of the nasal and upper respiratory tract was normal.
An open lung biopsy was performed and showed a diffuse, angiocentric, and angiodestructive infiltrate composed of large atypical lymphoid cells with round to slightly irregular nuclei, finely granular chromatin, small nucleoli, and moderate amounts of clear cytoplasm. Numerous apoptotic bodies and focal areas of coagulative necrosis were noted (Fig. 1) . Immunohistochemically, the tumor cells were positive for CD2, CD3ε (Fig. 2) , CD56 (Fig. 2, inset) , TIA1, perforin, granzyme B, and MUM-1. The cells were negative for CD5, CD7, CD4, CD8, CD20, PAX-5, TdT, bcl-2, bcl-6, and CD10. EBER in situ hybridization for EBV was strongly and diffusely positive in the tumor cells (Fig. 1, inset) , and polymerase chain reaction for T cell receptor gamma chain gene rearrangement showed a polyclonal pattern. Therefore, the patient was diagnosed with extranodal NK cell lymphoma, nasal type.
Examination of the bone marrow showed infiltration by tumor cells diffusely as single cells and in small clusters. Cytologically, the cells were medium-sized with round nuclei, moderately clumped chromatin, small nucleoli, and moderate amounts of pale cytoplasm containing fine azurophilic granules. The cells were positive by immunostaining for CD2, CD3ε, and granzyme B and negative for CD5, CD7, and CD56. The peripheral blood showed mild pancytopenia without circulating tumor cells.
A CT scan of the abdomen and pelvis demonstrated a retroperitoneal tumor measuring 20 cm in diameter. The patient then admitted that he had been diagnosed with a 5-cm retroperitoneal tumor 2.5 years prior, but had refused a biopsy and opted for alternative nutritional therapy. Since the clinical stage was IVB with bulky disease and he had high-risk disease according to the International Prognostic Index (IPI), he was started on CHOP-like chemotherapy consisting of dose-escalated cyclophosphamide and doxorubicin and standard doses of bleomycin and vincristine. In addition, intrathecal methotrexate was given for central nervous system prophylaxis. The patient improved initially, and the retroperitoneal tumor decreased in size, but then he developed a neutropenic fever and respiratory insufficiency. Despite intensive supportive measures and broadspectrum antibiotics, he died 10 days after the start of chemotherapy.
Discussion
This report describes a patient with extranodal NK/T cell lymphoma, nasal type, who presented with massive lung involvement, as well as bone marrow involvement, 2.5 years after the detection of a retroperitoneal mass. Even though the retroperitoneal mass was not biopsied at that time, it appears that the retroperitoneum was the primary site of the lymphoma. After an indolent clinical course, the patient developed massive lung involvement, rapidly deteriorated, and died shortly after beginning chemotherapy. Lee et al. [11] have recently proposed the classification of extranodal NK/T cell lymphomas into two categories: upper aerodigestive tract lymphoma (UNKTL) that includes the nasal cavity, nasopharynx, larynx, pharynx, and oral cavity; lymphomas occurring at all other sites were categorized as extra upper aerodigestive NK/T cell lymphomas (EUNKTL). The majority of patients (85%) were categorized as UNKTL, whereas 15% had EUNKTL with involvement of various sites, such as the soft tissue and gastrointestinal tract, and four patients had a primary lung presentation. The EUNKTL group had more advanced stage disease at diagnosis, higher serum lactate dehydrogenase (LDH) levels, higher IPI scores, poorer performance, an inferior response to anthracycline-based chemotherapy, and shorter 5-year overall survival when compared to the UNKTL group. Although optimal treatment strategies for patients with extranodal NK/T cell lymphoma are not well defined, those in the EUNKTL group require aggressive therapy [12] .
At the time of first presentation, our patient had a retroperitoneal tumor that measured 5 cm by CT scan, but which had enlarged to 20 cm at the time of the lung biopsy. Even though staging was not performed at that time, he presumably had localized retroperitoneal disease. His performance status at initial presentation was good, and he refused any medical treatment. According to the abovementioned classification, a primary retroperitoneal origin placed him into the unfavorable EUNKTL group. Even though a majority of these patients have an aggressive clinical course, there is a subset of patients who survive longer. Several factors seem to influence the survival in these patients, the most important being low clinical stage, good performance status, and a normal LDH level [4, 13, 14] . In clinical studies focusing on NK/T cell lymphoma originating in the upper aerodigestive tract, it has been shown that patients with low clinical stage (IE or IIE), good performance status, and no evidence of local tumor invasion have a better prognosis [15, 16] . Another factor associated with better survival in patients with NK/T cell lymphoma is an increased number of regulatory T cells in the tumor [17] . We postulate that the prolonged survival in our patient was related to the localized and relatively small tumor at the time of initial presentation. In addition, his good performance status put him into a more favorable survival category. Although the lack of a tumor biopsy at initial presentation creates some uncertainty in this case, the documented enlargement of the tumor from 5 to 20 cm is, in our opinion, evidence that the retroperitoneum was the primary site of the NK cell lymphoma. This is further supported by the decrease in size of the retroperitoneal tumor after the chemotherapy was started.
Regardless of the primary location, extranodal NK/T cell lymphoma presents as localized disease in approximately two thirds of patients [6, 12] . Local extension of the tumor is more common than distant involvement and regional lymph node spread is a common occurrence [6, 18] . Dissemination of NK/T cell lymphoma is rare and appears to be organ specific, with the most commonly involved secondary sites being the skin, gastrointestinal tract, liver, bone marrow, and central nervous system [6, 9, 10, 18] . Lung involvement by NK/T cell lymphoma is very rare and most commonly occurs with widely disseminated disease [6, 9, 10] . NK/T cell lymphoma arising in the lung is extremely rare and only a few cases have been reported in the literature [7, 8, 11] . Lung involvement, especially in disseminated disease, carries a poor prognosis for the patient [6, 9, 10] .
Aviles et al. [6] reported that patients with disseminated NK/T cell lymphoma may benefit from aggressive combination therapy. However, despite aggressive chemotherapy and intensive supportive measures, our patient died shortly after the beginning of therapy. The burden of tumor in his lungs and retroperitoneum was very large, and necrosis of the tumor due to chemotherapy caused severe respiratory insufficiency which led to his death.
In conclusion, when dealing with extranodal NK/T cell lymphoma arising outside of the upper aerodigestive tract, one should pursue more aggressive initial chemotherapy, even in patients with localized disease. Novel agents and innovative therapies need to be developed for this aggressive lymphoma. Lung involvement by NK/T cell lymphoma is very rare, most commonly occurring in widely disseminated disease, and usually carries a poor prognosis for the patient. 
